Background Although the Irish farming population is a significant occupational group, analysis of their mortality patterns is limited. This study compared mortality trends with other occupational groups and assessed the impact of socio-economic factors. Methods Population and mortality data (2000-06) were obtained to calculate standardized mortality ratios (SMRs) by cause of death and matched with socio-economic data. The extent to which variation in mortality was explained by variations in the socio-economic data was determined using multiple regression. Results Farmers and agricultural workers experienced the highest levels of mortality for all causes of death (2000-06). Farmers are 5.14 times more likely and agricultural workers are 7.35 times more likely to die from any cause of death than the lowest risk group. Circulatory disease is a significant cause of mortality among farmers 
Introduction
F armers have been recognized as an occupational group that are healthier than the rest of the population. 1 Thelin et al. 2 cite studies of farmers in the late 1970s and 1980s from different parts of the world (including Europe, North America, Australia and New Zealand) which have shown that farm workers and farmers are healthier and live longer than other occupational groups. Waggoner et al. 3 in a study of US pesticide applicators and their spouses (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) found that compared with the general population, they experienced lower mortality rates for all-cause mortality, heart disease, all cancers and diabetes. Alavanja et al. 4 note that lower mortality rates among farmers for heart disease and several cancers (lung, oesophagus bladder and colon) have been attributed to lower smoking rates, dietary factors and a physically active lifestyle.
Despite having lower overall mortality rates and lower rates for some of the main causes of death, farming remains a hazardous occupation. Farming is physically demanding, and also exposes individuals to agricultural machinery, chemicals, animals and dangers from the natural environment. This increases their risk of death and injury from accidents 3 and also a number of specific diseases including Hodgkin's disease, leukaemia, non-malignant respiratory disease ('farmers lung'), prostate, kidney and brain cancers. 3, 4 They also experience higher rates of stress, 5 depression, 6 anxiety 6 and suicide. 5 In Ireland, farmers are a sizeable occupational group. In the 2006 census, there were 194 271 farmers and agricultural workers in Ireland, representing 5% of the population. 7 The Central Statistics Office (CSO) have defined farmers as persons who own a farm and agricultural workers are defined as persons who are farm labourers, agricultural workers, fishermen or stud farm workers. 7 In a study of male mortality trends between 1986 and 1991, O'Shea 8 found that the overall pattern of mortality for agricultural workers was similar to the overall population, whereas patterns for farmers were significantly lower than the overall population. Similar to studies of other countries, 4 ,5 mortality trends were significantly higher among farmers and agricultural workers for injuries and poisonings, with higher trends for respiratory disease in agricultural workers. These findings are supported by Barry et al. 9 using 1996 data, although standardized mortality ratios (SMRs) for injuries and poisonings were lower than average for farmers, but higher for agricultural workers. Balanda and Wilde 10 showed that farmers generally had lower mortality rates across a wide range of causes of death, based on data from 1991 to 1998. A survey by Osborne et al. 11 found that Irish farmers report their self rated health as similar to the Irish general population. However, when compared with other occupational groups, farmers did not report taking as much physical activity in their leisure time in an average week (50% not partaking compared with 28%). In addition, 54% of farmers had experienced some form of musculoskeletal disorder in the previous year. Back pain was the most common complaint and was greater than that experienced by the Irish general population and the Irish working population. In a survey of 104 Irish farmers, O' Sullivan et al. 12 found that over two-thirds of those with lower back pain felt that it had interfered with their ability to farm.
The overall pattern among the studies of farmers from Ireland and from other countries is that while farmers appear healthier than the general population, they are at greater risk in terms of accidents, injuries and a number of specific diseases. Although the Irish studies contribute to the evidence base on the health of Irish farmers, up to date analysis of how mortality trends for key diseases among farmers compare with other socio-economic groups (SEGs) in the population is lacking. Knowledge of the factors that contribute to trends of mortality is limited. It is not known how mortality trends have been affected by the unprecedented economic growth experienced by Ireland between 1995 and 2007, a period generally referred to as the 'Celtic Tiger' years. [13] [14] [15] During this period, Ireland was transformed from one of Europe's poorest countries to one of its more prosperous. 16 Despite Ireland's 'Celtic Tiger' growth, the country continues to have high levels of income inequality. 17 Between 1995 and 2009, farming income in Ireland has declined by 43% in real terms. 18 Income inequalities impact on quality of life, 13 which manifests itself in mortality trends. This study aimed to compare mortality trends of farmers during the 'Celtic Tiger' years with other occupational groups and to assess if socio-economic factors are associated with these patterns.
Methods
The study was based on data from 2000 to 2006. This ensured that the sample size for each SEG was sufficient to permit statistical analysis to be undertaken. The data covered the latter half of the 'Celtic Tiger' years, providing a meaningful insight into patterns during this period. The Central Statistics Office (CSO) provided population census data for the years 2002 and 2006, and mortality data for the period 2000-06. This was disaggregated by local authority area (n = 34), age (15-64 years) and SEG. Categorization of SEG was slightly different for the population 7 and mortality data sets. 19 This was standardized by merging two categories of non-manual workers ('intermediate non-manual workers' and 'other non-manual workers') in the mortality data set. Socio-economic data were also obtained from the CSO for 2002 for a range of variables which have been shown to be correlates of poverty and deprivation risk in Ireland 20 including the labour force participation rate, unemployment rate, farm size, index of economic dependency, educational attainment and income poverty risk. Causes of death were classified according to the International Classification of Diseases (ICD-9) 21 and included all causes, circulatory diseases (ICD 390-459), cancers (ICD 140-239) and injuries and poisonings (ICD 800-999). Circulatory diseases and cancers were chosen as these are the two principal causes of death in Ireland. 22 Injuries and poisonings were selected as they are also a leading cause of death in Ireland. 22 In addition, previous research of mortality patterns in Ireland has shown that mortality rates for injuries and poisonings were elevated among farmers and agricultural workers. 8 Age-adjusted SMRs (15-64 years) were calculated for each local authority area. SMRs (15-64 years) have been used in other Irish studies of mortality trends by SEG 8,9 which facilitated comparisons. SMRs have also been shown to be a valid measure to compare mortality trends among different populations. 23 SMRs can be statistically unstable in small areas due to reduced population sizes and subsequently lower expected values. 24 To control for variance between local authority areas, hierarchical Bayesian modelling was utilized for local authority level SMRs using WinBugs (v1.4) software. 25 This technique stabilizes estimates in small areas by incorporating information from neighbouring areas and the overall geographical area ('borrow strength'). Indirect standardization for national rates was undertaken using the WHO European standard population. 26 Indirect standardization was also undertaken for local authority area level data using Irish population census data for 2002 and 2006 and calculating the mid-census population between the two census years. Linear regression of SMRs for farmers and agricultural workers was undertaken to assess the significance of national trends in SMRs between 2000 and 2006. Standard linear multiple regression analysis (using the simultaneous 'enter method') was conducted on local authority data to determine the extent to which variation in the Bayesian-adjusted SMRs for all causes of mortality for farmers was explained by variations in the socio-economic variables. Only socio-economic variables which correlated with all causes of mortality (!0.3) were included in the regression model. 27 Regression analysis was undertaken using PASW Statistics v18. 19 Farmers are 5.1 times more likely, and agricultural workers are 7.4 times more likely to die from any cause of death than salaried employees. Table 1 shows SMRs and CIs by occupational group (15-64 years) for circulatory disease, cancers and injuries and poisonings. Farmers and agricultural workers have SMRs that are significantly higher for these causes of death compared to the overall population (P < 0.05). For circulatory diseases, farmers and agricultural workers are almost seven times more likely to die than salaried employees. Agricultural workers are five times more likely to die from cancers than salaried employees whereas farmers are 3.5 times more likely to die. Deaths from injuries and poisonings present the greatest risk of death to agricultural workers who are over 13 times more likely to die of this cause of death than salaried employees, whereas farmers are 5.5 times more likely to die from injuries and poisonings.
Results

Between
Trends in SMRs for farmers and agricultural workers between 2000 and 2006 are given in table 2. During this time period mortality among farmers increased for each cause of death, with only small fluctuations in trends observed. Linear regression showed that this upward trend in SMRs for farmers was statistically significant for all causes of death (standardized -regression coefficient = 0.909, P = 0.005), circulatory disease (standardized -regression coefficient = 0.769, P = 0.043), cancers (standardized -regression co-efficient = 0.887, P= 0.008) and injuries and poisonings (standardized -regression coefficient = 0.923, P = 0.003). There were greater fluctuations in SMRs in agricultural workers. With the exception of injuries and poisonings, SMRs are higher in 2006 compared to 2000. Linear regression showed that trends were not significant for all causes of mortality and each specific cause of death (standardized -regression coefficient = 0.310, P = 0.499 all causes of mortality; standardized -regression coefficient = 0.362, P = 0.425 circulatory disease; standardized -regression coefficient = 0.300, P = 0.514 cancers; standardized -regression coefficient = À0.025, P = 0.957 injuries and poisonings).
Of the 15 socio-economic variables, 8 did not correlate (r < 0.3) with all causes of mortality for farmers (unemployment rate, ratio of unemployment to labour force participation, age !15 years with lower secondary education, age !15 years with third-level education, income poverty risk at 60% line, percentage unemployed and percentage in the labour force). These were excluded from the regression analysis. The remaining seven variables (labour force participation rate, index of economic dependency, age !15 years with no education or primary education, income poverty risk at 50% line, farm size) were subsequently included in the model. Using the 'simultaneous enter method' a significant model emerged (F = 6.628, P < 0.001) which accounted for 51% of the variance. From table 3, it can be seen that the proportion of farmers with small farms with a holding of 30-49 acres (relative to a farm size of <30 acres) (P = 0.017) and income poverty risk at the 50% line (P = 0.028) were identified as significant predictors of relative mortality. The factors that were not significant in this model included the labour force participation rate, index of economic dependency, age !15 years with no education or primary education, and farmers with !50 acres.
Discussion
This study investigates the trends in mortality among farmers and agricultural workers in Ireland in order to provide a better understanding of their health status. As there have been few studies of mortality trends of this occupational group in Ireland or elsewhere over the last decade, these findings provide valuable insight into the extent of health inequalities in Ireland. During the study period of 2000-06, Ireland experienced unprecedented economic growth. Gross domestic product (GDP) increased by 68.9% and the mean unemployment rate was 4.6% compared with 10.2% in 1993-99. 28 However, this economic development did not improve health outcomes for farmers and agricultural workers. Mortality increased significantly for farmers between 2000 and 2006. Mortality for agricultural workers has also increased although this trend is not statistically significant. The mortality trends of farmers and agricultural workers in the current study are in complete contrast to those found during the previous decade. [8] [9] [10] O'Shea's study of male SMRs (1986-91) 8 found that farmers and agricultural workers (as SEGs) had one of the lowest death rates. Although these studies are not directly comparable due to methodological differences, farmers and agricultural workers have changed from having one of the lowest levels of mortality to having one of the highest, during a period of unprecedented social and economic development. This deterioration in health for farmers and agricultural workers is in contrast to the overall Irish population which has experienced a significant decline in mortality rates since 2000. 29 Deaths from injuries and poisonings remain a particular cause for concern among agricultural workers. Effective interventions are necessary in the agricultural industry, including specific interventions for agricultural workers. In a systematic review of interventions, Rautiainen et al. 30 found no evidence that educational interventions reduced injuries among agricultural workers. They suggested that financial incentives and legislation expanding the use of safety devices and banning certain pesticides could be effective, although such interventions would need further research prior to extensive implementation. In 2006, the Health and Safety Authority in Ireland introduced a workplace Code of Practice for preventing injury and occupational ill health in agriculture 31 that aims to improve the level of safety and health in the agricultural sector. Part of the Code involves a statutory risk assessment. The impact of this Code on health and safety needs to be assessed to determine the need for further initiatives.
In an effort to establish the factors contributing to the overall mortality trends of farmers, multiple regression identified farm size and income poverty risk at the 50% line as predictors of mortality. Farmers with relatively small farms (30-49 acres) and those with low income (below the threshold of 50% of the national equivalized median income for Ireland) experience relatively greater mortality. The 'Celtic Tiger' years predominantly affected other sectors of the economy. While agricultural output has increased with technological advances, factors such as global competition have led to a reduction in output prices since the 1990s. 32 This has contributed to a reduction in farm income, particularly on small farms which have become less economically viable. Connolly et al. 18 reported that between 1995 and 2009, farm income declined by 43%, with farms under 20 hectares (50 acres) having extremely low incomes. In 2006, family farm income in Ireland was 87% less than the average industrial wage. 33 Average annual income on small farms (25-50 acres) was only E5441 in 2006 34 which declined to E4002 in 2009. 18 This has led to a reduction in the number of small farms, with the number of larger farms increasing. 33 It appears that during the 'Celtic Tiger' years, many farmers and agricultural workers have moved to occupations that may be less physically hazardous, leading to an overall population decline. Between 2002 and 2005 there was a 35% reduction in the number of farmers and agricultural workers. 7, 35 Many of those remaining in farming have sought part-time employment outside the farm to supplement their income, with 53% of farm households receiving income from other employment. 18 Although not a significant factor in the multiple linear regression analysis, the study found a significant negative correlation between labour force participation and all causes of mortality for farmers. This suggests that those with off-farm employment may experience lower mortality. Farmers without off-farm employment, particularly those on small farms may have less income to invest in occupational health and safety, and indeed their personal health, which would help explain the rise in mortality patterns. The multiple regression analysis only explained 51% of the variance in SMRs for farmers. This suggests that other factors not included in the regression model are likely to be important. A number of other factors for example may correlate with farm size and income poverty risk (such as type and duration of farming and marital status) and be important in explaining mortality patterns. Lynch et al. 36 highlight the importance of psychosocial characteristics in explaining mortality patterns. More research on the wider social determinants of health is needed in order to inform the development of policies designed to tackle the health inequalities experienced by farmers and agricultural workers.
This study has several limitations. It was not possible to disaggregate the data by gender. As previous Irish studies [8] [9] [10] were of male mortality trends (due to coding difficulties with females at the time) the results of the current study are not directly comparable. Another issue is that 15% of deaths from 2000 to 2006 were coded as unknown SEG. The distribution of this data among other SEGs Model significance R 2 = 0.772, Adjusted R 2 = 0.506, F = 6.628, df = 6, P < 0.001. All tolerance and variance inflation factors are within acceptable limits.
may have an impact on the extent of differences between SEGs. Variations in the proportion of deaths recorded as unknown SEG will also have an impact on the accuracy of assessing trends over time. These limitations were also acknowledged by O'Shea. 8 The SEG classification system in Ireland groups farmers into one category, irrespective of farm size or income accruing from the farm. While the inclusion of socio-economic variables does help overcome this issue, a detailed classification system would facilitate a more meaningful analysis. The inclusion of fishermen in the CSO definition of agricultural workers 7 may have had the effect of raising the SMRs observed for agricultural workers in the current study, as fishermen have typically been shown to have high mortality rates. 37 This again highlights the need for a more detailed classification system. The two data sets used in the study had slightly different SEG classification systems which caused difficulties matching population and death data. While this problem was overcome by merging two occupational categories, a standardized system of classifying SEG should be developed. In analysing aggregate data, the study may have produced results that do not reflect individual farmer's experiences due to the 'ecological fallacy'. This occurs when aggregate statistics are incorrectly assumed to apply at an individual level. 38 Individual level data may have helped to overcome this issue. This was outside the scope of the current study and is an area of further research. It must also be noted that a number of variables included in the study (e.g. SMR, index of economic dependency) can only be measured at an aggregate level, as they are a property of the population as opposed to the individual. This issue was also noted by Kaplan et al. 39 In addition, it is worth pointing out that aggregate data can provide valuable information, particularly when developing population based interventions. Schwartz 40 for example suggests that aggregate data is required when examining structural, contextual and sociological effects on human behaviour and disease. Although the study period covered half of the 'Celtic Tiger' years, the inclusion of data from 1995 to 1999 would have provided a more complete analysis of this time period. A different pattern of morality may have emerged in the first half of the 'Celtic Tiger' years, which warrants further investigation. Despite the study limitations, the clear trend of mortality for farmers and agricultural workers remains a significant challenge for policy makers and requires urgent attention.
In conclusion, it is clear that inequalities in mortality for farmers and agricultural workers have worsened despite the economic growth from 2000 to 2006. The benefits of the economic 'boom' have not been shared evenly and farmers and agricultural workers have experienced a reversal of mortality trends compared with that experienced in the 1980s and 1990s. Farm incomes have significantly declined since the 1990s, particularly for smaller farms 18 that does appear to be a contributory factor to mortality patterns. Nolan and Maître 13 note that rising living standards in Ireland have been accompanied by an unequal distribution of income. Ireland has been experiencing an economic recession since 2008 which could have a further impact on mortality trends and viability of small farms. With less employment available outside the farm, farmers will find it difficult to supplement their farm incomes. There is a clear need for policies to be developed specifically targeting the health of farmers and agricultural workers as an at risk group. With implementation and monitoring, it is hoped that this will contribute to a significant improvement to the health status of farmers and agricultural workers.
Background: Serious hearing problems appear in approximately one in 1000 newborns. In 2000, the Joint Committee on Infant Hearing defined a list of risk factors for neonatal hearing impairment relating to health, physical characteristics and family history. The aim of this study is to determine which personal, environmental and social factors are associated with the prevalence of congenital hearing impairment (CHI). Methods: The entire population of 103 835 term newborns in Flanders, Belgium, was tested by a universal neonatal hearing screening (UNHS) programme using automated auditory brainstem responses (AABR). In the case of a positive result, a CHI diagnosis was verified in specialized referral centres. Socio-demographic risk factors were investigated across the entire population to study any relationship with CHI. Results: The prevalence of bilateral CHI of 35 dB nHL (normal hearing level) or more was 0.87/1000 newborns. The sensitivity and specificity of the screening test were 94.02 and 99.96%, respectively. The socio-demographic factors of gender, birth order, birth length, feeding type, level of education and origin of the mother were found to be independent predictors of CHI. Conclusions: The socio-demographic factors found to be associated with CHI extend the list of classic risk factors as defined by the American Academy of Pediatrics (AAP). Assessment of these additional factors may alert the treating physician to the increased risk of newborn hearing impairment and urge the need for accurate follow-up. Moreover, this extended assessment may improve decision making in medical practice and screening policy. 
